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By R, Fabian Goranson
SUMMARY

An analytical study has been made of the influence
of full-span slotted and Fowler flaps on the require-
ments for horizontal tail surfaces. The individual
and combined effect of chanrges in tail area and aspect
ratio have been considered.

Elevator deflection requiréd to land at three-
point attitude, elevator deflection required to stall the
airplane at altitude, and permissibie center-of-gravity
range have been calculatzd for a fighter~type airplanc
and the results are presented in tabular form.

The results show that a moderate increase in tail
volume will satisfy the demands of flaps (such as the
slotted type) which give moderate 1ift and pitching-
moment increments, but when a large permissible center-
of~gravity range is desired with these flaps or if flaps
which give large 1ift and pitching-moment increments
(such as the Fowler flap) are used, the provision of
an adjustable stabilizer is mandatory if abnormally
large tail surfaces are to be avoided.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, an analytical study has been made of the
influence of full-span flaps on the requirements for
horizontal tail surfaces. The basic dimensions of a
typical fighter-type airplane were used as a basis for



calculating the effecks of variations in tail length,
tail area, and tail aspect ratio on the longitudinal
characteristics obtained with full-span slotted and
Fowler flaps.

METHOD OF CALCULATION

The calculations are based on the method outlined
in reference 1. It was possible, when reference 23 be-
came available, to extend the method of reference 1
to the calculation of elevator deflections required
for landing.

The dimensions of the airplane on which the calcu-
lations are based are listed in tadle I. Also listed
ere the dimensions of the tail modifications investi-
gated with the various flap arrangements,

The characteristics of the flaps were taken from
references 3 and 4 for a 0,25-chord slotted flap and
a 0,28-chord Powler flap, respectively., The maximum
deflection of both flaps was assumed tc be 4009,

The angle of incidence of the stabilizer was
assumed to be 00 except in the case of the unmodified
airplane with the flaps retracted, where the original
setting of 13° was used. Changes in tail length
were obtained by changing the distance from the quarter-
chord point of the wing root, rather than from the cecnter
of gravity, in order to fix the reference point.

EFINITION OF SYMBOLS

as ./ do rate of change of elevator angle with angle
v of attack ’

x distance from root quarter-chord point to
elevator hinge line, measured parallel to
thrust line

Sy total horizontal-~tail area

A, aspect ratio of tail
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tail span

elevator angle, positive when trailing edge
is below neutral position

elevator angle required to stall the airplanc
at altitude

clevator angle required to land at three-
point attitude

angle of incidence of stabilizer relative
to thrust line, positive when leading edge
is higher than trailing edge

maximum wing 1ift coefficient at which tail
stalling occurs

root wing chord

RESULTS AND DISCUSSION

The results of the calculations are listed in table
II. The data for zach configuration are divided into
four vertical groupings as follows:

1.

2.

Line drawing of airplane together with basic

dimensions

Stability ~nd control characteristics with

flaps retracted

Stability and control characteristics with

slotted flap

Stability and control characteristics with

Fowler flap

The stability and control charactceristics are
presented for the limiting center~-of-gravity positions
ag determined by the values of these characteristics
necessary for acceptable flying qualities. The hori-
zontal rows of the tahble present data for the

following

center-of-gravity positions:



1. Most rearward center-of-gravity position
allowable to maintain passadble longitudinal stadility
with fleps up (A value of dég/da of 0.18 was taken
as a micimum limit,)

2. An erbitrarily fixed center of gravity at 28.5
percent mean aerodynamic chord to provide a ready com=-
parison of the effectiveness of the various changes

3. The most forward center of gravity as limited
by the power of a 20° elevator deflection to maintain
three-point attitude during landing with the stabilizer
fixed at zero incidence.

4, The most forward center of gravity as limited
by item 3 if the stabilizer were adjustable to a =~5°
incidence for landing

The elevator angles listed in table II for the
landing condition frequently cxceed -30°, These angles
were computed on the assumption that the elevator effece
tiveness was constant over an unlimited range of deflec-
tion. Although this assumption is obviously incorrect
for large deflections, the angles shown indicate where and
by how much the elevator requirement is exceeded.

The tabulated data may be summarized as follows:

1. The critical elevator requirement in every
case ic the deflzction necessary to maintain three-
point attitude in landing.

2s The principal effect of increased effective
tail volume is to permit a more rearward position of
the center of gravity (without inetability when flaps
are retracted), thus decreasing the elcvator deflection
required for three-point landing.

3. Satisfactory charactericstics with the full-span
slotted flap would exist within the following limits of
center~of-gravity positions:
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[The tail-volume ratio is the ratio of the tail
volume to. that of the original airplane]

Configuration
(See tadle II.)

Center~of-gravity range for satis-
factory stability and conurol

percent M,A.C.
Tail- | Tail -5° adjustable
volume | aspect] Fixed stabilizer stabilizer
ratio ratio
Al 1.0 . 3.81} Yora 25,7 - 28.5
By 1.0 5.0 -30.1 - 30.1 24.0 - 30.1
C 1.25 3.81 29.1 - 31.0 23.2 - 31.0
D 1,19 5.0 28.5 - 32.5 22.9 - 32.5
- F 1.26 3.81 30,3 - 31,3 24.1 - 31,3
F 1.25 5.0 29.4 ~ 33.5 22.2 - 33.5
G 1,56 3.81 28.5 - 3E.0 21.1 - 35.0
"H| 1.49 5,0 28.5 - 36,5 19.4

- 3655

4, Satisfactory characteristics with the full-

span Fowler flap would exist within the follow1ng
. center- of-uravity limits:

Configuration

(See table II.)

Center-of-gravity range for satis-
facto*y stability and control,

percent M.A.C.
Tsil- Tail

volume | aspect{ Fixed stabilizer | =5° adjustable

ratio ratio stabilizer
A 1.0 3.81 None None
B 1.0 5.0 - do - 30,1 - 30.1
C 1.25 3.81 - do = 29.2 - 31.0
D 1,19 5.0 - do -~ 27.5 - 32.5
E 1.25 3.81 - do = 29.8 - 31,3
F 1.25 5.0 ao 27,5 - 33.5
G 1.56 3.81 32, 9 - 35 0 26,6 - 35,0
H 1.49 5.0 | 32.2 - 36,5 24,7 - 36.5




5, Tail stalling will occur at fairly low speeds
when flaps are fully deflected with the stabilizer ad-
justed to maximum negative incidence. The adjustable
stabilizer, however, is necessary only to permit the
three-point attitude during landing; the airplane can
be stalled at altitude, flaps extended, with reasonable
elevator deflection, and without tail stalling with
the stabilizer neutral.

The present study was chiefly concerned with the
requirements of horizontal-tail size and tail length
for providing sufficient control power and stability.
The serodynamic balarce requirecd of the control surfaces
for satisfactory control forces is obviously increased
ovar that required of the unmodified airplane, partic-
ularly for the maneuvering condition of flight with the
large tail areas shown.

As a matter of interest, the maximum 1ift coeffi-
cients obtainable with the various tail configurations
were calculated by the method of reference 5 and cor-
rected for the tail load required at the most forward
allowable ceanter-of-gravity positions. The ground cffect,
which unpubliczhed data indicate may cause a reduction
in meximum 1ift coefficient, has been neglccted in these
calcuvlations., The results arc prescnted in the follow-
ing table:

Maximum 1lift coefficient
Configuration Fixed Adjustable
t(. i i < i »
(See table II.) stabilizer ”stwbllizer
Air- Tail-~ Tail Slotted | Fowler | Slotted | Fowler
prlene | volume | aspecct flap flap flap lap
ratio ratio
A 1.0 3.81 -— ———— 2.52 _——
R 1.0 5.0 2.55 ———— 2.48 2.83
C 1.25 Z.81 2.54 ——— 2.48 2.82
D 1.1% 5.0 2.53 ———— 2.47 2.80
E 1.25 3.81 2.56 - 2.50 2.86
F 1.25 5.0 2.56 e ——— 2.49 2.86
G 1.56 Z2.81 2.55 2.90 2.48 2.383
H 1.49 5.0 2.55 2.89 2.47 2.81
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CONCLUSIONS

On the basis of this study it may be concluded
that the use of full-span flaps greatly increases the
demands made on the horizontal tail. With flap types
giving moderate 1ift and pitching-moment increments
(such as the slotted flap) it appears practicable to
take care of the increased tail requirements simply
by an increase in tail volume over that conventionally
used. With full-span flaps giving large 1ift and
pitching~-moment increments (such as Fowler flaps) or
with flap types giving moderate lift and pitching-
moment increments when laorge permissible center-of-
gravity variations are desired, the provisioas of an
ad justable stabilizer appears mandatory unless tail
volumes far greater than those normally required are
used.

REFERENCES

1. ¢ilruth, R. R., and White, M. D.: Anzlysis and
Prediction of Loangitudinal Stability of Air-
planes. Ren. No. 711, NACA, 1941,

2. Katzoff, S., and Sweberg, Herold H.: Ground Effect
on Downwash Angles and Wake Location. T.¥W. ¥o.
845, NMACA, 194z2.

3. VWenzinger, farl J., and Harris, Thomas A.: Wind-
Tunnel Investigation of an N.A.C.A. 23012 Air-
foill with Various Arrangements of Slotted Flaps.
Rep. No. 664, NACA, 1939,

4, Harris, Thomas A., and Purser, Paul E.: Wind-
Tvnnel Investigation of an NACA 23012 aAirfoil
with Two Sizes of Balanced Split Flap. NACA
A.C.R., Nov, 1940.

5. Pearson, H. A,: Span Load Distribution for Tapered

Wings with Partial-Span Flaps. Rep. No. 585, NACA, -

1937,

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.



TABLE I

DIMENSIONS OF AIRPLANE USED IN CALCULATIONS

Corfipurrtion Original 1.258 | 1.25% S¢ original
Voo 2 ] LR 1 «25% Ar = 5.0
change airnlane t = De
Ying area, sc fi 260.6
Wing span, it 33,0
Wing aspect rntio 5456
- : S e
Wing i 1.07 |
Wing : , 0
Wing airfoil section [|HLCA 230
serics
Wing root chord,
Coy T 857

Wing 1i.A.C., ft 7.01
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tail area, Si, =g ft U9.05
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line, i, deg 1.5

Length of fuselage, ft| 2H.& 30.3
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Maxisun fuselage

width, % 4.6 - b6
ce/Y to nose of
fuselegse, Tt 6.2 . 6e2
v " . de
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cs/% to propeller

plare, ft Te
woveller dinmeter, £% S
Veight, full load
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